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cate early thinning of alder stands, to be conducted no later 
than year 10 or at 6 metres of branch free stem (Table 1).


















of selection thinning compared to a control (no thinning). 
At present, the stands on these plots are mature and suitable 







thinning models, and thinning models based on a smaller 
number of crop trees and less frequent intervention.
STUDY AREA AND METHODS
PODRUČJE ISTRAŽIVANJA I METODE
Study area – Područje istraživanja
Floodplain forests of black alder (Alnus glutinosa  (L.) 
Gaertn.) account for just 0.4% (approx. 4708 ha) of total 
forest area in Slovenia (Čater et al., 2001). The largest black 






Table 1: Principal guidelines of different thinning models
Tablica 1: Osnovne smjernice različitih modela prorjeđivanja
Source
Izvor



























Newer models with 
fewer selected trees 




At 6–7  m of branch free 
stem/uzgojeno 
6–7 m čistog stabla
Claessens (2004), 
Claessens et al. (2010) 70–100
Year 10, 6  m of branch 
free stem/10 godini, 
uzgojeno 6 m čistog stabla
50–70 50–60
Lockow (2003) 117 60–80









year, only in summer does the soil dry slightly (Nemesszeghy, 
1986; Rauš, 1975). In depressions the groundwater comes to 
the surface, where it is stagnant or slow-flowing and where 







(ARSO METEO, 2018). Although precipitation is relatively 
low, 61% falls during vegetation period, which is favourable 














































ducted on the plots (1967, 1973, 1979, 1983, 1993, 1998, 
2018), except on plot 5, where five measurements were con-




Figure 1: Location of  Polanski Log on Slovenia map (left) and locations of sample plots in Polanski Log (right)
Slika 1: Lokacija Polanskog Loga na karti Slovenije (lijevo) i lokacije pokusnih ploha u Polanskom logu (desno)






presented separately for all living trees and for dominant 
Table 2: Silvicultural measures on plots by treatment












Thinning at stand age 52, 58 and 65 years
Prorjeda u dobi od 52, 58 i 65 godina
From stand age approx. 70 part of protected forest, eventually forest reserve (no measures)
Od približno 70. godine starosti sastojine ploha je uključena u šumski rezervat, kasnije ekološka stanica, bez intervencije
Plot 5
Ploha 5
Planting in 1970, 10,000 saplings/ha
1970. godine posađeno je 10.000 sadnica/ha
No measures
Bez intervencije
Thinning at stand age 12 and 18
Prorjeda u dobi od 12 i 18 godina
Plot 11
Ploha 11
Planting in 1963, 10,000 saplings/ha
1963. godine posađeno je 10.000 sadnica/ha
Thinning at age 57
Prorjeda u dobi od 57 godina
Thinning at stand age 16, 38, 51 and 57/Prorjeda 
u dobi od 16, 38, 51 i 57 godina
Thinning at stand age 12, 38, 51 and 57/Prorjeda u 





Thinning at stand age 18, 29 and 39
Prorjeda u dobi od 18, 29 i 39 godina
Figure 2: Diameter structure by plot and method at first and last measurement
Slika 2: Debljinska struktura po plohama i metodama rada pri prvom i posljednjem mjerenju



































structure data is available for plot 12 at stand age 17. Irre-














Table 3: Classification of trees in plots
Tablica 3: Razvrstavanje stabala na plohama
Social position
Pripadnost etaži
1 – upper stratum (up to 1/3 of upper tree height)/gornji sloj (do 1/3 gornje visine stabla),
+ predominant/predominantna,
° dominant/dominantna,
– co-dominant trees/kodominantna stabla,
2 – middle stratum (from 1/3 to 2/3 of upper tree height)/srednji sloj (od 1/3 do 2/3 gornje visine stabla),




1 – great vigour and responsiveness capacity of individual/velika vitalnost i sposobnost reakcije pojedinca,
2 – moderate vigour and responsiveness capacity of individual/umjerena vitalnost i sposobnost reakcije pojedinca,




1 – sociologically progressive tree (noticeable tendency to dominate)/sociološki progresivno stablo (primjetna tendencija za 
dominacijom),
2 – sociologically stable trees (noticeable keeping up with surrounding individuals)/sociološki stabilna stabla (primjetno da budu 
ukorak s okolnim pojedincima),
3 – sociologically regressive (noticeable regression compared to surrounding individuals)/sociološka regresivna stabla (vidljiva 
regresija u odnosu na okolne pojedince)
Silvicultural role
Uzgojna uloga
4 – crop (superior) trees/odabrana stabla
5 – indifferent trees/indiferentna stabla
6 – competitors/konkurentna stabla
Crown length
Duljina krošnje
4 – long crown (> 1/2 of total tree height)/duga krošnja (> 1/2 ukupne visine stabla)
5 – average crown (from 1/2 to 1/4 of total tree height)/srednja krošnja (od 1/2 do 1/4 ukupne visine stabla)
6 – short crown (< 1/4 of total tree height)/kratka krošnja (<1/4 ukupne visine stabla)
Quality
Kvaliteta
1– trees without defects, with all characteristics to develop into logs of high standard/stabla bez pogreška, sa svim karakteristi-
kama da se razviju u trupce visokog standarda,
2 – trees that cannot be classified as highest quality; defects may affect log formation in the lower third to a smaller degree or 
can be predicted to disappear/stabla koja se ne mogu svrstati u najkvalitetnije; nedostaci mogu u manjoj mjeri utjecati na 
stvaranje trupaca u donjoj trećini ili se može predvidjeti da će nestati,
3 – other trees/ostala stabla
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Figure 3: Change in number of trees over time by plot and thinning intensities
Slika 3: Promjene u broju stabala prema starosti sastojine na plohama s obzirom na intenzitet prorjeda
Figure 4: Development of growing stock over time by plot and thinning intensities
Slika 4: Razvoj drvne zalihe prema starosti sastojine na plohama s obzirom na intenzitet prorjeda



















Development of pure black alder stands throughout the ro-
tation period can be monitored at plot 4. We found that 
Figure 5: Development of basal area over time by plot and thinning intensities
Slika 5: Razvoj temeljnice prema starosti sastojine na plohama s obzirom na intenzitet prorjeda
Figure 6: Annual diameter increment by tending model for all trees (left) and the 100 trees/ha with largest dbh (right) (circles=outliers)
Slika 6: Godišnji debljinski prirast prema metodama rada za sva stabla (lijevo) i najdeblja 100 stabla/ha (desno) (krugovi=outlier) 
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growing stock and basal area started to decline or stagnate 
after the stand was approximately 80 years old (Figures 4 



















tween high  intensity  thinning  and  control  fields  (χ2  = 
-119.383; p < 0.001). There were no statistically significant 
differences between moderately thinned and control fields 
Figure 7: Impact of stratum, vigour, tendency, silvicultural role, crown length and quality on annual diameter increment (circles=outliers, 
stars=extreme outliers) 
Slika 7: Utjecaj slojevitosti, vitalnosti, uzgojne perspektive, uzgojne uloge stabla, duljine krošnje i kvalitete na godišnji debljinski prirast (krugovi= outlier, 
zvijezde=ekstremni outlier)



















































Figure 8: Results from linear mixed-effects models (a, b, c). Predicted diameter increment with 95% confidence intervals (grey area or error bars) 
as a function of (a) thinning type, (b) diameter at the start of experiment and (c) vitality class at the start of experiment. (d) Measured diameter 
increment as a function of trunk quality classes at the start and at the end of experiment (N = 1178).
Slika 8: Rezultati linearnih modela miješanih efekata (a, b, c). Predviđeni porast promjera s intervalima pouzdanosti od 95% (siva površina ili trake pogrešaka) 
kao funkcija (a) vrste prorjeđivanja, (b) promjera na početku pokusa i (c) razreda vitalnosti na početku pokusa. (d) Izmjereno povećanje promjera kao funk-
cija klase kvalitete stabla na početku i na kraju pokusa (N = 1178).


























tervention. Some authors of these models recommend ba-
























years. This means that annual diameter increment should 
be at least 0.6 cm or even in excess of 1 cm. The trees in our 
plots did not even achieve the annual diameter increment 
values that Claessens et al. (2002) measured for dominant 























































or high intensity (removal of all competitors) thinning are 


















ensure that the natural branch shedding process in the 
lower part of the trunk is not interrupted. The most vital 






ies provide direct insights into stand development and the 



































Gaertn.) and their implications for silvicultural practice. For-
estry, 83(2): 163–175.
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